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Abstract 
In power transmission machinery or crane industries, shafts are designed using specific standards that may not correctly cover the 
large panel of materials and loadings involved in these sectors, making it necessary to use safety factors leading to over-
conservative life predictions and non-optimized designs. 
Shafts are key components, usually experiencing alternated normal stresses combined with static or fluctuating (intermittent) 
shear stresses. In high cycle multiaxial fatigue, it is admitted that mean shear stress has no significant effect on the fatigue 
strength of smooth specimens if the maximum shear stress does not exceed about 80% of the material shear yield limit. Under 
combined rotating bending and torsion the situation is unclear, especially in presence of notches. 
In this paper the effect of a static and intermittent shear stress on the fatigue strength of two quenched and tempered steel grades, 
30NiCrMo8 and 42CrMo4, is studied on notched specimens with bending theoretical stress concentration factors Kt = 1.7 and 
Kt = 2.7. It is shown that mean shear stress has little effect on the median rotating bending endurance limit at 3×106 cycles, the 
maximum decrease is about 5%, whereas this decrease is more pronounced for intermittent shear stress (varying in blocks), 
reaching up to 30% for the sharpest notch. 
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1. Introduction 
In real service conditions, many machine parts and structures experience combinations of alternating and static 
stresses. Knowing how these combined stresses influence the high cycle fatigue strength of components is of prime 
importance in order to achieve a reliable and optimized design. In the case of shafts, subjected in service to 
combined axial and shear stresses, power transmission machinery and crane industries have often to use either 
methods developed in standards like DIN 743 [1], NF E 22057 [2], or multiaxial high cycle fatigue strength criteria. 
One particular important effect that is not considered in the same way by all these different methods is the influence 
of a static torsional stress on the fatigue strength. In some models it is neglected whereas in others it is taken into 
account, leading naturally to different safety factors or life predictions. 
As an example, let us first cite some of the most commonly used criteria which exclude any effect of a static 
torsion stress. Among those are the Sines [3], Crossland [4], Dang Van [5] and Papadopoulos [6] criteria. On the 
other hand, methods developed in standards like DIN 743 and NF E 22057 are based on an equivalent stress 
involving the mean part of the shear stress, leading to a detrimental effect. 
Much work has been done on the effect on fatigue of mean axial stress demonstrating a detrimental effect of a 
mean tension and a beneficial one of a mean compression. But in contrast there are less researches and results on the 
influence of a mean torsional stress. Figures 1 and 2 illustrate some data on metals from pioneering work of Sines 
[7]. 
 
 
 
Fig. 1. Effect of a mean torsion on torsional fatigue strength. 
 
Fig. 2. Effect of a mean torsion on bending fatigue strength. 
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It can be seen from these results that static torsion has no effect on the bearable amplitude of alternated torsion so 
long as the maximum torsional stress is below the torsional yield strength. Concerning the effect on the alternated 
bending endurance limit, this becomes sensible only when the static torsion stress exceeds amply the yield strength 
in torsion. 
 
More recently (2003) Davoli and al. [8] made a review of relevant results from the literature concerning the 
influence of mean shear stress on the torsional fatigue limit and carried out tests on a 39NiCrMo3 quenched and 
tempered steel in high cycle fatigue regime. They came to the conclusion that only a slight influence is present, not 
representative from a design point of view. Figure 3 shows the analysis they made from literature data.  
 
 
 
Fig. 3. Effect of mean torsion on torsional fatigue strength. Results analyzed by Davoli and al. [8]. 
 
Most of the available data in the literature concerns the effect of a static torsion on torsional fatigue strength for 
un-notched specimens. There is a lack of results on the effect of static torsion on the bending fatigue strength for 
notched components. This is the reason why Cetim decided to carry out high cycle fatigue tests on two quenched and 
tempered steels, 30NiCrMo8 and 42CrMo4. The objective of these tests being to evaluate the effect of a static or 
intermittent torsion stress on the rotating bending fatigue strength for circumferential notched specimens. 
 
2. Experimental program 
2.1. Materials and specimens 
The materials used for the experimental campaign are two quenched and tempered steel grades, 30NiCrMo8 and 
42CrMo4. These grades are often used for machinery shafts requiring high resistance. 
Tables 1 to 3 give their chemical compositions and mechanical properties under monotonic quasi-static tension. 
 
Table 1. Chemical composition of the 30NiCrMo8 steel. 
Element C Mn Si P S Cr Ni Mo Cu Al Sn Ca 
[w%] 0.290 0.530 0.310 0.011 0.026 2.050 1.950 0.350 0.190 0.028 0.014 0.0008 
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Table 2. Chemical composition of the 42CrMo4 steel. 
Element C Mn Si P S Cr Ni Mo Cu Al  
[w%] 0.400 0.870 0.350 0.015 0.022 1.020 0.220 0.164 0.190 0.022  
 
Table 3. Mechanical properties under monotonic quasi-static tension of the quenched and tempered steels 
Steel grade 30NiCrMo8 42CrMo4 
Tensile strength Rm = 1104 MPa Rm = 1061 MPa 
Tensile yield strength Rp0.2 = 995 MPa Rp0.2 = 990 MPa 
Elongation at failure A% = 13.9 A% = 14.6 
 
As part of this study, where it is important to check the influence of a static torsion in the presence of stress 
concentrations, cylindrical specimens with circular notches are considered. This allows carrying out tests with 
conventional machines on specimens having a simple geometry. 
The theoretical stress concentration factors of 2.7 (0.5 mm notch radius) and 1.7 (1.8 mm notch radius) in 
bending were selected. These Kt are consistent with the values generally observed in reality, which are between 1.5 
and 3. 
Figures 4 and 5 illustrate the specimens’ geometry. 
 
 
 
Fig. 4. Notched geometries tested 
 
 
Fig. 5. Global geometry of test specimens 
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2.2. Testing equipment 
All the fatigue tests were performed on the same test bench at ENSAM, Bordeaux campus on a servo-hydraulic 
multi-actuators fatigue testing machine for applying combined stresses of bending and torsion [9]. 
 
Mechanical principle 
The generation of the bending moment applied to the specimen is based on the transposition into mechanical 
terms of the rotating fields principle. The specimen does not rotate, two servo-hydraulic actuators allow imposing 
two moments of plane bending in two perpendicular planes. The resultant bending load (over four points of support) 
may be: 
- Plane bending (symmetrical or not): when two actuators are acting in phase or only one jack is active; 
- Rotating bending (symmetrical or not): when two actuators are acting with a phase difference of 90°. 
The torsion is imposed on the specimen by a third hydraulic actuator. Figure 6 gives a sketch of the machine 
principle. 
  
Fig. 6. Testing machine principle. Fig. 7. Global view of the multiaxial fatigue testing machine. 
Machine capacity 
- 210 N.m in plane bending and 150 N.m in rotating bending; 
- 150 N.m in torsion; 
- Testing frequency: up to 60 Hz. 
 
Loading types 
Possible loadings in bending, torsion or combined (plane or rotating) bending and torsion: 
- Monotonic loadings, 
- Sinusoidal loadings (constant amplitude or blocks), 
- Pseudo-random loadings (moments evolve in time as a function which when broken down into Fourier 
series, six harmonics are produced at the most. The basic frequency should be between 10 Hz and 60 Hz 
and the highest harmonic should not exceed 60 Hz. 
 
Test stop 
Test is stopped when a specified number of cycles is reached or when a crack occurs. Crack detection is based on 
the specimens’ stiffness variation monitoring. For a specimen with an active diameter of 10 mm, cracks of about 0.5 
mm in depth may be detected. Figure 7 illustrates the testing machine used. 
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2.3. Testing procedure 
The fatigue tests were performed for both materials (30CrNiMo8 and 42CrMo4) and geometries (Kt = 2.7 and   
Kt = 1.7) selected, according to the stair-case method, with different load configurations, namely: 
- Rotating bending only, 
- Rotating Bending + static torsion, 
- Rotating Bending + static torsion, intermittent regime (simulating starts and stops of a machine). 
 
For each configuration, rotating bending endurance limits at 3×106 cycles are determined. 
For tests in intermittent operation, the number of starts-stops chosen in consultation with the relevant industry led to 
about 2000 repeated torsion cycles on 3×106 maximum total cycles for the test. 
For the stress levels applied in static torsion, the tests were carried out with 100%, 70% and 30% of the yield 
strength in torsion of the tested materials. This yield strength is for both materials about 575MPa. The high level at 
100% is chosen voluntarily according to the bibliographic knowledge in order to highlight a possible influence of the 
mean torsion. 
All the tests were performed at room temperature, in air and at a frequency of 50 Hz. About 150 specimens were 
tested in total. 
3. Test results and discussion 
3.1. Results on 30NiCrMo8 
Table 4 summarizes the results on the 30NiCrMo8 steel grade for the different loading conditions. Values 
reported are the median endurance limits (survival probability of 50%) in rotating bending at 3×106 cycles and 
associated scatter (s). The stress values are the local elastic ones, including the effect of stress concentration factor. 
 
Whatever Kt, the influence of a static torsion on the rotating bending fatigue strength results in only a slight 
decrease (< 8%), not really significant especially if one takes into account the experimental scatter. 
The addition of a repeated torsion, simulating starts-stops can significantly affect the endurance limit in rotating 
bending in the case of Kt = 2.7, depending on the torsion stress level applied. A torsion level equal to the yield 
strength in torsion reduces the endurance limit in rotating bending by nearly 30%. This reduction is of 20% for a 
level corresponding to 70% of the yield strength and almost zero for 30% of the yield strength. No effect in 
intermittent regime was observed for Kt = 1.7. Future work, based on detailed elastic-plastic local analysis, will be 
carried out in order to investigate the stress strain state and try explaining this behavior. 
Table 4. Results on 30NiCrMo8 
 Rotating bending endurance limit  
(MPa, local elastic value) 
Loading Kt = 2,7 Kt = 1,7 
Rotating bending only 580 (s=60) 550 (s=13) 
Rotating bending + static torsion, 
(Wm = 100% of yield strength in torsion) 
537 (s=55) 545 (s=10) 
Rotating bending + static torsion, intermittent regime    
(Wm = 100% of yield strength in torsion) 
401 (s=20) 540 (s=33) 
Rotating bending + static torsion, intermittent regime    
(Wm = 70% of yield strength in torsion) 
470 (s=33) - 
Rotating bending + static torsion, intermittent regime    
(Wm = 30% of yield strength in torsion) 
570 (s=20) - 
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3.2. Results on 42CrMo4 
For this steel grade, tests have been conducted with four loading conditions only on Kt = 2.7. Table 5 gives the 
obtained results in terms of rotating bending endurance limits and associated scatter. 
 
Table 5. Results on 42CrMo4 
 Rotating bending 
endurance limit 
(MPa, local elastic value) 
Loading Kt = 2,7 
Rotating bending only 627 (s=40) 
Rotating bending + static torsion, 
(Wm = 100% of yield strength in torsion) 
573 (s=40) 
Rotating bending + static torsion, intermittent regime 
(Wm = 100% of yield strength in torsion) 
430 (s=20) 
Rotating bending + static torsion, intermittent regime 
(Wm = 30% of yield strength in torsion) 
563 (s=20) 
As in the case of 30CrNiMo8, the effect of a static torsion results in only a small decrease of the endurance limit 
in rotating bending (< 9%). 
But the addition of repeated torsion cycles, simulating starts-stops leads to a 31% reduction of the rotating bending 
endurance limit for a static torsion level of 100% of the yield strength in torsion. This reduction is about 10% for a 
level of 30% of the yield strength in torsion. 
 
Figure 8 summarizes the whole set of results. 
 
Fig. 8. Effect of static and intermittent torsion for the tested configurations 
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4. Conclusion 
For both steel grades and notch geometries studied, the results of the fatigue tests tend to confirm that the influence 
of a static torsion on the rotating bending strength is negligible even when the static torsion level is equivalent to the 
yield strength in torsion. This observation supports the fatigue criteria and methods that states independence of the 
fatigue limit upon a superimposed mean shear stress under constant amplitude cyclic loading. 
However, in intermittent service conditions where repeated cycles of torsion are introduced, it has been shown 
that these cycles can affect significantly the rotating bending endurance limit at 3×106 cycles, depending on the 
notch acuity and torsion level applied. 
In the case of Kt = 2.7, for both materials, the rotating bending strength reduction reached 30% for a torsion level 
equal to the yield strength in shear. This reduction becomes significant only for a torsion level over 30% of the yield 
strength in torsion. 
Although this effect was not observed in the case of Kt = 1.7, it seems relevant to consider in general that the 
damage induced by these repeated cycles is not negligible beyond a torsion level of 30% of the yield strength in 
shear. 
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